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A Reggeometric (Regge+Geometry) model, based on the observed pro-
portionality between the forward slope of the differential cross section and
the interaction radius, the latter depending on virtualityQ2 of the incoming
virtual photon and on the massM2 of the produced particle, is constructed.
The objective of this study is the dependence of the Regge-pole amplitude
on the virtuality Q2 and masses of the external particles, which remains an
open problem for the theory. The present analysis is based on the HERA
data on Deeply Virtual Compton Scattering (DVCS) and exclusive diffrac-
tive Vector Meson Production (VMP). We treat each class of reactions
separately, anticipating a further study [1] that will include both a soft and
a hard component of the unique Pomeron.
PACS numbers: 12.39.St, 13.60.Fz, 13.60.Le, 13.60.-r
1. Introduction
The forward slope of the differential cross sections for elastic and quasi-
elastic reactions, e.g. Deeply Virtual Compton Scattering (DVCS) or Vector
Meson production (VMP), is known to be related to the masses/virtualities
of the interacting particles. This phenomenon is clearly seen on Fig. 1, where
† jenk@bitp.kiev.ua
‡ saliy.andriy@gmail.com
(1)
2 ActaPhysPolonica˙23May2013 printed on August 7, 2018
the forward slope B(Q˜2) is plotted against the variable Q˜2 = Q2+M2V . Here
Q2 and M2V are respectively the square of the virtuality and of the mass of
the produced particle and the notation is evident from Fig. 2.
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Fig. 1. The forward slope of differential cross sections as function of Q˜2 = Q2+M2
V
.
Compilation of the data for DVCS and VMP measured by the ZEUS and H1
Collaborations see [2].
The slope, proportional to the “interaction radius” R(Q˜2), decreases
with increasing Q˜2, reaching some saturation value determined by the finite
mass of the nucleons in the lower vertex of Fig. 2(c). Thus, in this “geo-
metrical” picture, the largest slope (radius) is expected for a real Compton
scattering, where Q˜2 = 0.
In the present paper we consider exclusive electroproduction of real pho-
tons (DVCS) and vector mesons (VMP) making use of the above geometrical
considerations, by writing the scattering amplitude in the form
A(s, t) ∼ eb˜(Q˜2)t, (1)
with b˜(Q˜2) ∼ 1/f(Q˜2). This approach was used in Ref. [3] for the simpler
case of photoproduction (Q2 = 0).
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Fig. 2. (a) Diagram of DVCS and (b) diagram of VMP at HERA; (c) DVCS (VMP)
amplitudes in a Regge-factorized form.
The off-mass shell continuation of the S-matrix, or, in particular, the
introduction of any dependence of the Regge-pole amplitude on the virtu-
ality, Q2 and masses of external particles remains an open problem for the
theory. Empirically, it was approached in various models, of which the best
known is the introduction of Q2-dependent parameters in the Regge (e.g.
the Pomeron) trajectories, namely, the intercept α0 → α0(Q2) and the slope
α′ → α′(Q2). Since, by definition (i.e. by Regge-factorization), the trajec-
tory should not depend on the properties (masses and virtualities) of the
external particles, such Regge poles and trajectories are called “effective”
ones. It is the relevant vertex function that bears information about the
masses and virtualities of the particles coupled to them. In Ref. [4] a simple
model for DVCS and VMP, based on the use of a new variable defined as
z = t−Q2 was put forward.
In the view of the limitations of that model as discussed in [5], below we
scrutinize an alternative approach [6, 7] by combining the Regge pole model
with geometrical ideas, resulting in Reggeometry=(Regge+geometry). In
the nearly forward direction, where the cross sections decrease almost ex-
ponentially, dσ/dt ∼ eBt, the slope B is related to the interaction radius,
which is a function of the inverse mass (virtuality) of the particles,
B = R2 ∼ 1/f(Q˜2), (2)
reflecting the geometrical nature of the slope, proportional to the “inter-
action radius”, or to the inverse squared masses. More precisely, B =
B1+B2 = R
2
1 +R
2
2, where the two radii correspond to the lower and upper
vertices of Fig. 2. This dependence Eq. (2) will be given explicitly in Sec. 2.
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There are however several caveats in this simple and appealing interpre-
tation of the slope, namely:
• The relation Q˜2 = M2V + Q2, is model-dependent; an alternative re-
lation, e.g. Q˜2 = M2V + cQ
2, c being a parameter to be determined
by fits to experimental data, is equally legitimate. Another degree of
freedom enters putting the factor 4 as denominator in the expression
of Q˜2, i.e. writing Q˜2 = (M2V + cQ
2)/4, (see, Ref. [2]).
• Empirically, the slope can be given by the relation B ∼ (Q˜2)−n. It
includes an exponent n, with n > 1, whose value is not necessarily an
integer and may even depend on Q˜2 (see, for instance, see Fig. 10.26
and Eqs. (10.72) - (10.74) of Ref. [2].
• Relation (2) was established only within certain classes of reactions,
notably VMP, γ(γ∗)p → V p. It remains an open question if it is also
applicable to DVCS, and, moreover, to purely hadronic reactions.
Studies of all these options involve also s and t dependences of the rele-
vant scattering amplitude. We use simple models of s− and t−dependences
to concentrate on the less trivial Q˜2 dependence. Our model is based on two
pillars: the “Reggeometric” form of the amplitude, introduced in the Intro-
duction, and its two-component nature. The latter implies that the unique
Pomeron has two components - a “soft” and a “hard” one, and that their
relative weight varies with Q˜2, thus providing a unify description of both
soft and hard collisions. The model was presented at the 2011 EDS confer-
ence in Quy Nhon [6] and at the Diffraction 2013 conference at the Canarias
[7]. Anticipating a global fit (with a universal set of the free parameters),
to appear [1], here we make the first important step by fitting the HERA
data on several particular processes, one by one, to a single Reggeometric
term.
This one-component effective model is fitted, to the HERA data on
DVCS and VMP. The complete, two-component (”soft” and ”hard”) model
is anticipated in Appendix A.
The paper is organized as follows. In Sec. 2 Reggeometry is introduced.
In Sec. 3 we consider a simplified version of the model involving a single
term only and fitted to DVCS and a number of VMP data. The resulting
fits are shown in Sec. 4.
2. The Reggeometric model
According to the arguments presented in the Introduction and in [6, 7],
the DVCS or VMP amplitudes of the Reggeometric model with a single
Pomeron term can be written as
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A(s, t,M,Q2) =
A˜0(
1 + Q˜
2
Q20
)n ξ(t)β(t,M,Q2)(s/s0)α(t), (3)
where A0 is a normalization factor, Q
2
0 is a scale for the virtuality, n is a free
parameter with n > 1, ξ(t) = e−ipiα(t) is the signature factor, s0 is a scale
for the squared energy and α(t) is the Pomeron trajectory. β(t,M,Q2) is
the residue factor to be specified as
β(t,M,Q2) = exp
[
−2
( a
Q˜2
+
b
2m2N
)
|t|
]
, (4)
where a and b are free parameters and mN is the nucleon mass. Thus:
A(s, t,M,Q2) =
A˜0(
1 + Q˜
2
Q20
)ns ξ(t)(s/s0)α(t)e−2
(
a
Q˜2
+ b
2m2
N
)
|t|
. (5)
The differential cross section is
dσ
d|t| =
pi
s2
|A(s, t,M,Q2)|2. (6)
Using Eq. (5) we get
dσ
d|t| =
|A0|2(
1 + Q˜
2
Q20
)2n (s/s0)2(α(t)−1)e−4
(
a
Q˜2
+ b
2m2
N
)
|t|
, (7)
where A0 =
√
pi
s0
A˜0.
Assuming a linear Regge trajectory for the Pomeron α(t) = α0 − α′|t|,
the differential cross section takes the form
dσ
d|t| =
|A0|2(
1 + Q˜
2
Q20
)2n (s/s0)2(α0−1)e−
[
2α′ ln(s/s0)+4
(
a
Q˜2
+ b
2m2
N
)]
|t|
= Ce−B|t|.
(8)
where the function C is independent of t. From this expression we obtain
the forward slope:
B(s, Q˜2) = 2α′ ln(s/s0) + 4
( a
Q˜2
+
b
2m2N
)
. (9)
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Then the elastic cross section is obtained by integrating the differential cross
section. The result, in the case of linear Regge trajectory, is
σ =
1
B
dσ
dt
∣∣∣
t=0
, (10)
and due to Eqs. (7) and (9) it reads
σ =
|A0|2(
1 + Q˜
2
Q20
)2n
(
s
s0
)2(α0−1)
2α′ ln(s/s0) + 4
(
a
Q˜2
+ b
2m2
N
) . (11)
3. Fitting strategy and results
As already mentioned in Introduction, in this paper we consider a simple
model with a single term for the Pomeron, “soft” or “hard” - depending on
the kinematic region and class of reaction1. The expressionsfor the cross-
sections and the slope are given by Eqs. (9), (7) and (11).
3.1. Strategy
There are eight free parameters in our model namely: A0, Q
2
0, n, α0, α
′,
a, b and s0. For simplicity we set s0 = 1.0 GeV
2, so seven free parameters
remain: the normalization factor A0; the scale Q
2
0 for the virtuality; the
exponent n for Q−dependent factor in the amplitude; the intercept α0 and
the slope α′ of the linear Pomeron trajectory; the two coefficients a and
b, which set the Q−dependence for the forward slope. These seven free
parameters have been found from the fit to the HERA data on the DVCS
and the electroproduction of φ and J/ψ mesons. Each process was treated
separately.
Each class of reaction contains various measurables i.e. the data for
the forward slope B, for the differential cross section dσ/d|t| and for the
integrated cross section σ as function of virtuality Q2 at fixed energy W ,
or for the integrated cross section σ as function of the energy W at fixed
virtuality Q2.Thus, for each separate reaction we fitted dσ/d|t|, σ and B
simultaneously.
The units of the fitted parameters next
[A0] =
√
nb
GeV
, [n] = [α0] = 1, [α
′] = GeV −2, [a] = [b] = [Q20] = GeV
2.
1 In the Appendix B we present a possible alternative, empirical model with Q˜2-
dependent effective” trajectories, mimicking the transition between soft and hard
dynamics. This model has been presented to the workshop “Diffraction 2012” [7].
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3.2. DVCS
Here we fit our model to the data on DVCS published in [8, 9, 10].
Notice that for DVCS we have Q˜2 = Q2, since Mγ = 0 GeV. The resulting
fit is shown on Figs. 3 - 7, with the values of the fitted parameters and the
relevant χ2/d.o.f., given in Table I.
Table I. Fitted parameters for DVCS
A0 Q
2
0 n α0
7.98 ± 0.09 1.00 ± 0.34 1.00 ± 0.04 1.20± 0.02
α′ a b χ2/d.o.f.
0.01 ± 0.03 1.78 ± 0.19 2.14 ± 0.30 0.85
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Fig. 3. Fit of Eq. (9) to the H1 data on the forward slopes for γ∗p→ γp.
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Fig. 4. Fit of Eq. (7) to the H1 data on the differential cross sections for γ∗p→ γp.
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Fig. 5. Fit of Eq. (7) to the H1 an ZEUS data on the differential cross sections for
γ∗p→ γp.
10 ActaPhysPolonica˙23May2013 printed on August 7, 2018
 0.1
 1
 10  20  30  40  50  60
σ
(γ*
 p
 →
 
γ p
) [
nb
]
Q2 [GeV]2
H1 04-07
W = 82 GeV
 0.01
 0.1
 1
 10
 10  20  30  40  50  60
σ
(γ*
 p
 →
 
γ p
) [
nb
]
Q2 [GeV]2
H1 96-00
W = 82 GeV
 0.1
 1
 10
 10  15  20  25  30  35
σ
(γ*
 p
 →
 
γ p
) [
nb
]
Q2 [GeV]2
ZEUS 96-00
W = 89 GeV
e
-
 p → γ p
 0.1
 1
 10
 10  20  30  40  50  60  70  80  90  100
σ
(γ*
 p
 →
 
γ p
) [
nb
]
Q2 [GeV]2
ZEUS 96-00
W = 89 GeV
e
+
 p → γ p
 0.01
 0.1
 1
 10
 10  20  30  40  50  60  70  80
σ
(γ*
 p
 →
 
γ p
) [
nb
]
Q2 [GeV]2
ZEUS 99-00
W = 104 GeV
Fig. 6. Fit of Eq. (11) to the H1 and ZEUS data on the integrated cross sections
for γ∗p→ γp.
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Fig. 7. Fit of Eq. (11) to the H1 and ZEUS data on the integrated cross sectionsfor
γ∗p→ γp.
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3.3. J/ψ meson electroproduction
Here we show a fit of the model to the HERA data on J/ψ electropro-
duction [11, 12]. The resulting fit is shown on Figs. 8 - 11, with the values
of the fitted parameters and the relevant χ2/d.o.f., given in Table II.
Table II. Fitted parameters for J/ψ electroproduction.
A0 Q
2
0 n α0
29.8 ± 2.8 2.1 ± 0.4 1.37 ± 0.14 1.20 ± 0.02
α′ a b χ2/d.o.f.
0.17 ± 0.05 1.01 ± 0.11 0.44 ± 0.08 1.12
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Fig. 8. Fit of Eq. (9) to the H1 and ZEUS data on the forward slopes for γ∗p →
J/ψp.
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Fig. 9. Fit of Eq. (7) to the H1 and ZEUS data on the differential cross sections
for γ∗p→ J/ψp.
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Fig. 10. Fit of Eq. (11) to the H1 and ZEUS data on the integrated cross sections
for γ∗p→ J/ψp.
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Fig. 11. Fit of Eq. (11) to the H1 and ZEUS data on the integrated cross sections
for γ∗p→ J/ψp.
3.4. φ meson electroproduction
Here we present a fit of the model to the HERA data on φ electropro-
duction, see [13, 14]. The resulting fit is shown on Figs. 12 - 14, with the
values of the fitted parameters and the relevant χ2/d.o.f., given in Table
III.
Table III. Fitted parameters for φ electroproduction.
A0 Q
2
0 n α0
37.2 ± 0.7 1.7 ± 0.2 1.48 ± 0.13 1.15 ± 0.27
α′ a b χ2/d.o.f.
0.10 ± 0.05 -0.09 ± 0.18 2.18 ± 0.34 0.05
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W = 75 GeV
Fig. 12. Fit of Eq. (11) to the H1 data on the integrated cross sections for γ∗p→ φp.
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Fig. 13. Fit of Eq. (11) to the H1 and ZEUS data on the integrated cross sections
for γ∗p→ φp.
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Fig. 14. Fit of Eq. (7) to the H1 and ZEUS data on the differential cross sections
for γ∗p→ φp.
4. Conclusions and discussion
Our study shows that DVCS and each VM electroproduction reactions
can be separately fitted within the present model with a single Pomeron
trajectory.
Some problems arise for φ production at high virtualities Q2 & 13GeV2
(see Fig. 13). Also there is problems with fitting photoproduction and elec-
troproduction data simultaneously for ρ (and also φ) production. Light
mesons seem to be sensitive to the transition from the soft to the hard
regime. So, these may serve as hints that it is not enough to use the cur-
rent model with one-component Pomeron to describe the whole spectrum of
VMP and DVCS data together. For this reason we may need a model with
two components Pomeron (i.e. the amplitudes with soft and hard terms),
see (see Appendix A).
The present fits can serve as a basis (input parameters) for a global fit
of the model with both soft and hard terms (see Appendix A) with a unique
set of parameters for all reactions. Such work is in progress [1].
Among open problems we mention the need for theoretical arguments
to define and constrain the form of the Q˜2−dependent factor in amplitude
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Eq. (3) (or theH factors in front of the soft and hard terms, Eqs. (A.1), (A.3), (A.2)
and (A.4) in Appendix A). These constrains may come from QCD evolution
and/or from the unitarity condition.
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Appendix A
A two-component Pomeron
Following Refs. [15, 16], we comprise soft and hard dynamics within a
single Pomeron, which however has two components - a soft and a hard one,
with relative Q˜2−dependent weights. These weights are constructed such as
to provide the right balance between the soft and hard components, i.e. as
Q˜2 increases, the weight of the hard term increases, and v.v. These weights
do not affect the Reggeometric form of the model.
The relevant scattering amplitude is
A(s, t,Q2,Mv
2) =
A˜s(
1 + Q˜
2
Q2s
)ns e−ipi2αs(t)
( s
s0s
)αs(t)
e
2
(
as
˜
Q2
+ bs
2m2
N
)
t
(A.1)
+
A˜h
(
Q˜2
Q2
h
)
(
1 + Q˜
2
Q2
h
)nh+1 e−ipi2αh(t)
( s
s0h
)αh(t)
e
2
(
ah
˜
Q2
+
bh
2m2
N
)
t
.
Here A˜s and A˜h are normalization factors, Q
2
s and Q
2
h are soft and hard
scales for virtuality, ns and nh are free parameters to be fitted, as well as
four parameters as, bs, ah and bh, s0s and sh0 are soft and hard scales for
the squared energy, αs(t) and αh(t) are Regge trajectories for the soft and
hard components of the Pomeron.
Substituting the amplitude (A.1) to Eqs. (6) and (10), we obtain the
differential and integrated cross sections which are, respectively,
dσ
d|t| = H
2
s e
2{Ls(αs(t)−1)+gst} +H2he
2{Lh(αh(t)−1)+ght} (A.2)
+2HsHhe
{Ls(αs(t)−1)+Lh(αh(t)−1)+(gs+gh)t} cos
(pi
2
(αs(t)− αh(t))
)
,
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and
σ = H
2
s e
2{Ls(α0s−1)}
2(α′sLs+gs)
+
H2he
2{Lh(α0h−1)}
2(α′hLh + gh)
(A.3)
+2HsHhe
Ls(α0s−1)+Lh(α0h−1)B cosφ0 + L sinφ0
B2 + L2
.
with the notation:
Hs =
As(
1 + Q˜
2
Q2s
)ns , Hh =
Ah
(
Q˜2
Q2
h
)
(
1 + Q˜
2
Q2
h
)nh+1 , (A.4)
where we use As,h =
√
pi
s0
A˜s,h
Ls = ln
(
s
s0s
)
, gs = 2
(
as
Q˜2
+ bs
2m2p
)
, αs(t) = α0s + α
′
st,
Lh = ln
(
s
s0h
)
, gh = 2
(
ah
Q˜2
+ bh
2m2p
)
, αh(t) = α0h + α
′
ht,
B = Lsα
′
s + Lhα
′
h + (gs + gh),
L = pi2 (α
′
s − α′h),
φ0 =
pi
2 (α0s − α0h).
The parameters of the linear Pomeron trajectories are fixed according
to Refs. [15, 16]:
αs(t) = 1.08 + 0.25t, αh(t) = 1.44 + 0.01t.
Appendix B
A model with Q2−dependent Pomeron trajectory
An effective way to account for the “hardening” of dynamics in the one-
component model analyzed in this article is the an introduction of Q˜2-
dependent parameters of the Pomeron trajectory. Below we present an
example of such a treatment. Although it is not a “solution” of the problem,
but it may provide hints for the expected trends in the Q˜2−dependence of
the amplitude.
Limiting ourselves to the DVCS case, consider the amplitude presented
in Eq. (5):
A(Q2,W, t,M2V ) =
A0
(1 + Q˜2/Q20)
n
e−
ipi
2
α(t)(s/s0)
α(t)e
−2( a
Q˜2
+ b
2m2p
)|t|
. (B.1)
Here we fix Q20 = 1.0 GeV
2 and s0 = 1.0 GeV
2, so that A0, n, a and b
remain the only free parameters.
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We use a linear Pomeron trajectory, α(t,Q2) = α0(Q˜
2)+α′(Q˜2)t, where
the Q˜2− dependence of its parameters mimics the “hardening” of the reac-
tions.
We define the intercept of the Pomeron trajectory as
α0(Q˜
2) =
1
ln(d+ 1
f+Q˜2
)
, (B.2)
with d = 2.16 and f = 2.744 providing for the “soft” cross section limit
α0(Q˜
2 = 0)|DV CS = 1/ ln(2.16 + 1/2.744) = 1.08,
and the “hard” cross section limit
α0(Q˜
2 →∞)|DV CS = 1/ ln(2.16) = 1.3.
Similarly, we introduce the “soft” and “hard” limits in the slope of the
Pomeron trajectory as
α′(Q˜2) = ln(1 + 1/(c + Q˜2)), (B.3)
with c = 8.17, such that
α′(Q˜2 = 0)|DV CS = ln(1 + 1/8.17) = 1.12,
and
α(Q˜2 →∞)|DV CS = ln(1) = 0.
Using the above formulas for the cross sections and the forward slope
(see Eqs. (11), (7) and (9)), with the Q˜2−dependent parameters of Pomeron
trajectory, we have fitted this model to the HERA data.
From the fitting of the DVCS forward slope we obtained : a = 0.27,
b = 1.98, χ2/d.o.f. = 0.11. At this point all parameters: a, b, c, d, f are
fixed except for the normalization A0 and the exponent n.
Fitting this model to the DVCS elastic cross section, we find:
A0 = 16.2, n = 1.43 (see also [6, 7]).
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